abstract Mn-Zn femte with grain size of 1.5pm was obtained by sintering hydmthermal-precipitated powders with uniform dispersion of additions. The fine grain size and high density were realized simultaneously by the use of fine particle ferrite powder and fine particle additives, planetary ball mill mixing of MnZn femte powder and additives and low temperature sintering. The core loss of a newly developed ferrite with fine grain was significantly reduced to that of a commercial ferrite.
Introduction
Recently, power supplies are required to reduce the volume and the thickness in compliance with miniahuization in the portable electronic equipments and the on-board power supply modules. As an increase in the driving frequency is an effective method for these purpose, core materials with low core losses at high frequency are earnestly desired Mu-Zn ferrites generally have lower core losses at high frequency in comparison with Ni-Zn ferrites and metallic magnetic materials. We have reported 11.21 that the firming the grain size of the Mu-Zn ferrite is effective for the reduction of core losses at the frequency range from 1 to 2MHz, mainly due to the reduction of the residual loss which is a dominant part of the core losses at the high frequency. In this study, we tried to realize simultaneously the fme grain size and uniform dispersion of additions such as Si02, CaC03, Ta205, TiO2 by (1) using hydrc-thermal precipitated Mn-Zn ferrite powder with 0.13-in size and the additions with small pruticle sizes, and (2) mixing the powders in a planetary ball mill.
The MnZn femte powder for the sintered bodies were prepared by the hydrothermal method. A hydrothermal-precipitated femte powder (particle size : 0.13pm) with composition of Mn0.72Zn0.16Fe2.1204 was used at a starting material. The additions were added to the femte powder, mixed by planetary ball mill and this uniform mixture of the ferrite powder and the additions were calcined in a reduced atmosphere. Sample A and C were undoped and sample B and D were doped with O.Olwt% of SiO2 (particle size : 0.012pm), 0.021wt% of CaC03 (particle size : 0.04pm). O.O38wt% of Ta205 @article size : 0.3pm) and O.O34wt% of TiO2 (particle size : 0.5,um). Sample A and B were calcined at 973K and sample C and D were calcined at l l73K. The calcined powders were milled by planetary ball mill, dried, mixed with a proper quantity of organic binder, pelletized, cold isostatically pressed at 275MPa for 180s and sintered at 1323K for 14.4k.s in a reduced atmosphere. The microstructure was observed with a optical microscope. The electric resistivity (p) was measured by the four-point probe method The permeability (p' , p") and tan3 were measured under a field of 0.4Alm with a impedance analyzer. The core loss (Pc) was measured with an B-H analyzer. The hysteresis loss m) was determined by Table 1 . Densities, grain sizes, electric resistivities and core losses of sample A. B, C and extmpolating the (Pc1f)-f plots to f=O. The classical eddy current loss (Pe) is Dprepared by sintering at 1323K given as equation (1) Table 1 shows the densities, the average grain sizes, the electric resistivities and magnetic properties of the sample A,B,C and D. The in-1 0 -~ creases of the p and the decreases of the core losses by adding Si, Ca, Ta and Ti. Figure 1 shows the frequency dependence of p', p" and the 10-= relative loss factor (tanalp? of the doped sample D, which shows the miuimum Pc, and the commercial fenite. A noteworthy finding is that the relative loss factor in the lower frequency range of the two are in 3000 agree but in the higher frequency range that of the sample D remarka-= bly decrease, namely, the effectiveness of the sample D for the high frequency transformer is confirmed. To consider the reason of the superior core loss property of the -X 2000 sample D, the relationship of the core loss per cycle and the frequency of the two samples are plotted (Fig. 2) . A mutual relationship of the 1000 two is strikingly similar to the mutual relationship of frequency dependence of the relative loss factor (Fig.1) Ca, Ta and Ti is concluded as the suppressive effect of thee losses in 9, 0.3 high frequency. Table 2 shows the physical properties and core losses of the sample D 5 and commercial fenite. It is noticeable that the core loss in high fre-0.2 quency of the commercial femte is higher than that of the sample D, 5 in spite of considerably higher electric resistivity than sample D.Therefore. if the core loss depend on the eddy current loss, the eddy 8 0.1 current loss cannot be explained by the dc-resistivity originated in a grain boundary barrier. For this reason, the eddy current loss which is attributable to the bulk conductivity seems to be the most probable. In 0 this case, it is supposed two capabilities as arusult of the dissolution 0 0.5 ferrite, these two possibilities are under investigation. This estimation f~quency forthe Sample D and the commercial ferrite. as described above is in harmony with the fact that the core loss of the doped sample calcined at high temperature, 1173K. is lower than that of the doped sample calcined at 973K (Table l) ; It can be considered that the high temperature calcined sample has a highly inhibitory action, the above mentioned, as the increase of amount of dopants dissolution into the bulk. Furthermore, the increase of the dc-resistivity and the decrease of the core loss for doped samples of Table 1 are comprehended by considering the simultaneous occurring of the deposition I segregation of the dopant to the grain boundary and the dissolution to the bulk. On the other hand, if the core loss in the high frequency region originates in the residual loss, a model can be considered that cation vacancies and anion vacancies are created by doping and then the magnetic wall displacement or the rotation of the magnetization is pinned by these vacancies. 
